ABSTRACT -Context -Videofluoroscopic swallowing study is a dynamic exam and allows the evaluation of the complete swallowing process. However, most published studies have only reported alterations in the oropharynx and pharyngoesophageal transition, leaving the analysis of the esophagus as a secondary goal. Objectives -The goal of this study was to investigate the prevalence of alterations in the esophageal phase thorough videofluoroscopic swallowing study in patients with dysphagia. Methods -Consecutive patients with dysphagia who underwent videofluoroscopic swallowing study including esophageal analysis between May 2010 and May 2012 had their exams retrospectively reviewed. Patients were classified into two groups: Group I -without a pre-established etiological diagnosis and Group II -with neurological disease. During the exam, the patients ingested three different consistencies of food (liquid, pasty and solid) contrasted with barium sulfate and 19 items were analyzed according to a protocol. The esophageal phase was considered abnormal when one of the evaluated items was compromised. Results -Three hundred and thirty-three (n = 333) consecutive patients were studied -213 (64%) in Group I and 120 (36%) in Group II. Esophageal alterations were found in 104 (31%) patients, with a higher prevalence in Group I (36.2%), especially on the items esophageal clearance (16.9%) and tertiary contractions (16.4%). It was observed that 12% of individuals in Group I only presented alterations on the esophageal phase. Conclusion -Evaluation of the esophageal phase of swallowing during videofluoroscopic swallowing study detects abnormalities in patients with cervical dysphagia, especially in the group without pre-established etiological diagnosis.
INTRODUCTION
Swallowing is a dynamic and complex process, and requires coordination of various structures that act in sequence to conduct food from the oral cavity to the stomach. It comprises three phases: oral, pharyngeal and esophageal. In the oral phase, the preparation, qualification, organization and ejection of food content from the oral cavity into the pharynx occur. The next phase of swallowing, which occurs in the pharynx, is characterized by the elevation, anteriorization and stabilization of the hyo-laryngeal complex, with airway closure and opening of the upper esophageal sphincter, which directs the bolus into the esophagus. The third and last phase, the esophageal phase, consists in transporting the food through the esophagus to the stomach (5, 14) . The swallowing disorder, named dysphagia, significantly compromises social and psychological relationships of the individual and is associated with significant morbidity and mortality (20) . Dysphagia may manifest through a series of signs and symptoms, such as: masticatory disorder; difficulty initiating swallowing; nasal regurgitation; coughing; choking; pharyngeal globus (sensation of food in the throat); alimentary impaction, which in more severe cases, can cause dehydration; malnutrition; weight loss; prolonged meal time; decreased appetite; and aspiration pneumonia with complications (9) . The videofluoroscopic swallowing study (VFSS) has long been considered the "gold standard" for evaluation of swallowing disorders, since it allows the visualization of the entire swallowing process, detecting anatomical and functional disorders from the mouth to the esophagus and it might as well guide treatment progress (4, 6) . During this exam, it is possible to offer different food consistencies with barium sulfate contrast, test maneuvers and facilitator postures that contribute to the assessment of the degree of dysphagia, thus enabling better planning of rehabilitation. The apparatus used for the procedure is a radiological equipment with image display connected to a DVD that allows recording for subsequent analysis, including use of slow motion for detailed investigation (12) . Most studies on VFSS have generally reported its use for identification of alterations in the oropharynx and pharyngoesophageal transition (12) . The exam is used in many centers, but its value to also detect alterations on the esophageal phase is not clearly defined. Dysphagia may be part of the clinical picture of many esophageal disorders, and it may be perceived and reported by the patient at the cervical region (17) . Thus, in patients with cervical dysphagia, it becomes important to evaluate the esophagus during the VFSS to verify anatomical modifications and functional alterations (3, 5) . The purpose of this study was to investigate the prevalence of alterations on the esophageal phase through VFSS in patients with dysphagia.
METHODS
A retrospective analysis of consecutive VFSS in patients with dysphagia carried out between May 2010 and May 2012 at the Department of Radiology of the Hospital Santa Clara, Santa Casa de Misericórdia de Porto Alegre was conducted. The inclusion criteria for the study were patients referred for VFSS who had complaining of dysphagia and were older than 18 years of age. Exclusion criteria were gastrointestinal cancer, achalasia or incomplete examination protocol. Patients were divided into two groups for analysis: Group I -no pre-established etiological diagnosis and Group II -with neurological disease (stroke, Parkinson´s disease, Alzheimer's disease, traumatic brain injury, dementia, amyotrophic lateral sclerosis, multiple sclerosis, myasthenia gravis and muscular dystrophy).
The protocol used was modified from Furkim (1999) (7) and consisted of 19 items on swallowing evaluation (oral, pharyngeal and esophageal phases). The protocol was completed by a Speech-Language Pathologist and a Radiologist Medical Doctor during the examination. All exams were reviewed by two professionals and archived at the radiology department. The data were stored in a database in a Microsoft Office Excel 2007 spreadsheet, and the survey of archived data was conducted by the authors of this study. The exams were performed with a Siemens fluoroscopy unit, model Axion Iconos R100, coupled to a computerized image recording system that allowed detailed analysis of the exam. During the realization of VFSS, patients remained seated and image capture was obtained at lateral and anterior-posterior positions, with upper and lower limits ranging from the oral cavity to the stomach.
The protocol included functional intake of liquid, pasty and solid consistencies. The preparation of food occurred as follows:
-Liquid consistency: distilled water with liquid barium (Bariogel For the esophageal analysis a larger volume (80 to 100 mL) with 50% diluted liquid barium was used.
Our used the liquid was classified as "nectar" and the viscosity of the pasty as "pudding" according to the guidelines of the National Dysphagia Diet (19) . Variables such as gender, age, etiology, alimentary route and complains reported by the patient were tabulated. Regarding the assessment of the VFSS the following items of the referred protocol were considered: -Oral phase: anterior escape, bolus capture, labial closure, preparation and positioning of the bolus, ejection, posterior escape and stasis of food; -Pharyngeal phase: sealing of velopharyngeal region, laryngeal elevation, stasis of food in valleculas and piriform sinuses, laryngeal penetration and tracheal aspiration; -Pharyngoesophageal/esophageal phase: opening of the upper esophageal region, esophageal clearance, pharyngoesophageal and/or esophageal diverticulum and tertiary contractions.
Continuous variables were expressed as mean and standard deviation or median and interquartile range. Categorical variables were described by absolute and relative frequencies. The Student t test was applied to compare means between groups. In the case of asymmetry, the Mann-Whitney test was used. In the between-group comparison of proportions, the Pearson chi-square test or Fisher's exact test was applied. The level of significance was 5% (P≤0.05) and analyzes were performed using SPSS (Statistical Package for the Social Sciences) version 18.0.
This project was approved by the Ethics Committee of the Santa Casa de Misericórdia de Porto Alegre under protocol number 70367. A Confidentiality Agreement for use of the data collected was applied. This study follows the rules of Resolution 196/96 CNS / MS.
RESULTS
Three hundred and thirty-three patients (n = 333) met the inclusion criteria of the study conducted between May 2010 and May 2012. The average age was 64 years (± 16.6 years) and 184 (55%) participants were female. The most common complaint reported by the patient was "swallowing difficulty" (51.4%), followed by "choking and coughing" (35.3%) and "sensation of food in the throat" (13.3%). Two hundred and thirteen (64%) patients did not have pre-established etiological diagnosis for dysphagia and 120 (36%) with neurologic disease. Most patients (94.4%) were ingesting food orally, and the remainder had exclusive or mixed alternative feeding means, that is, oral concomitantly with enteral route.
Among the 333 exams conducted, 60 (18%) patients had no alteration in swallowing, 104 (31%) had abnormalities in the esophageal phase of swallowing, 220 (66%) in the oral phase and 133 (40%) in the pharyngeal phase. The comparative analysis of alterations in the swallowing phases between Group I (without pre-established diagnosis) versus Group II (with neurological disease) is shown in Table 1 .
It was observed that in individuals with pre-established etiological diagnosis (Group II), there was a significant predominance of alterations in the oral (P<0.001) and pharyngeal (P<0.001) phases when compared to Group I. However, in the group without pre-established etiological diagnosis this finding is reversed, and alterations in the esophageal phase generally occurred in 36.2% (Group I) versus 22.5% (Group II) of participants (P = 0.014). This difference, however, was not observed for the items separately. The most affected items of esophageal phase was esophageal clearance (17%) and tertiary contractions (16%).
Alterations in each phase of swallowing in isolation and combined are displayed in Figure 1 . Statistical difference between Group I and Group II was observed in the esophageal phase alone (12% of alterations in Group I), when combining pharyngeal and esophageal phases (4% in Group I), oral and pharyngeal phases (42% in Group II), the three phases of swallowing (14% in Group II), and in the group without alteration (24% in Group I).
DISCUSSION
In our study we noted the importance of evaluating the three phases of swallowing (oral, pharyngeal and esophageal), especially in patients who do not have a pre-established diagnosis of dysphagia. It should be emphasized that onethird of the patients had some abnormality in the esophageal phase that could be unnoticed if a complete evaluation had not been not performed.
Alterations in the esophageal phase were found in 104 (31%) participants from the two groups, especially in the group without pre-established etiological diagnosis, and 12% of patients in that group showed alterations only on the esophageal phase, with a predominance of the items "esophageal clearance" and "tertiary contractions". These findings are considered indicative of primary or secondary motor disorders of the esophagus (18) . The presence of defined anatomical alterations, such as pharyngoesophageal and/or esophageal diverticula occurred at a low frequency.
In the group of patients with pre-established etiological diagnosis (Group II), there was a concentration of concomitant alterations in the oral and pharyngeal phases, reinforcing the interdependence between these phases and the artificiality of separating swallowing into isolated phases (13) . Allen et al.
(1) included a screening of the esophageal phase on the swallowing videofluoroscopy protocol with the ingestion of 20 mL of liquid barium in the anterior-posterior vision after completing the oropharyngeal evaluation and compared the findings with conventional radiography of the esophagus. They observed that the first examination had a positive agreement in nearly 3/4 of the subjects in relation to the second examination. The authors identified 63% of patients with possible esophageal disorder whose diagnosis could not have been observed if screening of the esophagus during the dynamic test had not been performed. In our study, the evaluation of the esophageal phase in the anteriorposterior vision covered, besides the ingestion of 20 mL of liquid barium, the ingestion of pasty and solid food, detecting 31% of patients with an alteration on this swallowing phase.
Gullung et al. (8) presented results with a significant relationship between esophageal involvement in VFSS and abnormal esophageal motility testing. Of the 164 patients, 104 presented esophageal clearance component alteration, which assesses esophageal phase on the videofluoroscopy assessment protocol. The esophageal evaluation by VFSS measured by esophageal impedance measure -considered the gold standard test to evaluate esophageal motility -showed a sensitivity of 80%.
When evaluating the role of VFSS in detecting structural abnormalities in the digestive tract, Scharitzer et al. (16) observed a high frequency of both morphological and functional disorders, including mass lesions in the oral and pharyngeal cavity, stenosis, esophageal rings -alterations not found in this study -and pharyngeal and esophageal diverticulum, always pointing to the cervical region. Mendell and Logemann (15) allege that the esophageal clearance in the upright position seems to have a functional impact in the pharynx and possibly in airway protection. The fluoroscopic evaluation of the esophageal phase should be consider a mean to evaluate esophageal motility compared with esophageal manometry, which is the procedure used to evaluate the esophageal sphincter, contraction and peristalsis of the esophageal body (10) . In the literature, there are studies demonstrating high agreement between VFSS and manometry in patients with dysphagia (3, 8) .
The VFSS is an exam that can simultaneously detect both structural and functional changes in the oropharyngeal and esophageal regions. Patients presenting alterations of the esophageal phase should be investigated through more specific tests, such as endoscopy, esophageal manometry and esophageal pH metry, because the VFSS is a screening tool that can aid in selection of other tests and disclose diagnosis of esophageal disorders (1, 2, 11, 16, 18) . Importantly, the screening of the esophageal phase of swallowing through videofluoroscopy is of short duration and can be easily carried out. Several studies define the esophageal transit time at approximately 13 seconds and less than 0.1 mGy of radiation is used during the esophageal screening period. This value is much lower than those estimated of radiation per year (3 mGy) or dose received on CT of the abdomen (10 mGy) (1) . The main limitation in this study was the fact that it consisted of a retrospective study. Therefore, it was not possible to follow the evolution of the patients and to verify the sequence of assessments and final diagnosis in relation to esophageal phase alterations found through the VFSS. As Gullung et al. (8) , we also suggest that prospective studies observe further esophageal evaluation that can provide more definite evidence that the VFSS application in the esophageal phase can serve as screening for disorders of esophageal motility.
CONCLUSION
The VFSS identified esophageal alterations in one third of patients with dysphagia. The prevalence of alterations was higher in Group I and 12% of patients in that group showed alterations only in the esophageal phase. The realization of VFSS including the esophageal phase is a screening tool that can guide further investigation of the esophagus and contribute to the understanding of the complaints of the patient. 
